Examination of eighty four strains of staphylococci isolated from cow's raw milk and moroccan traditionally made dairy products for their thermonuclease (TNase) production showed that ail S. aureus strains were positive for this test. The TNase amounts produced were variable with the non-toxigenic S. aureus strains being slightly more TNase producers than the toxigenic strains. Coagulase-negative staphylococci were found to be negative for the TNase test except for S. hyicus strains. Enterotoxigenicity was detected in 37.5 % of S. aureus strains. The proportions of these strains producing SEA, SEC and SED were 33.3, 44.4 and 11.1 % respectively. The origin of the strains was estimated by their biotype. Ali the S. aureus strains isolated from raw milk had an animal origin while those from buttermilk and butter had both animal (35.3 and 33.3 % respectively) and human (47.1 and 66.6 % respectively) origins. The human strains were found to produce mainly SEA while the bovine were producing either SEC or SED.
Introduction
Besides the coagulase test, the production of thermo-stable nuclease (TN ase) has been proposed as a reliable test for the correct identification of
Staphylococcus aureus (LACHICA et al., 1969 ; LACHICA et al., 1971 a,b ; BARRY et al., 1973 ; RAYMANet al., 1975 ; SPERBER, 1976 ; MENZIES, 1977) . However, TNase production
is not an exclusive property of S. aureus since S. hyicus (OEVRIESE et al., 1978) , Streptococcus feacalis and sorne species of the genus BaciUus (BISSONNETIE et al., 1980; BATISH et al., 1984) have also been found capable of TNase production.
AU enterotoxigenic
S. aureus strains have been reported to be TNase producers (SIMKOVIKOVA et al., 1971; LACHICA et al., 1972; RAYMAN et al., 1975 ; SPERBERet al., 1975) , however, only a certain proportion of S. aureus strains is considered to be enterotoxigenic.
The level of this proportion as weU as the type of enterotoxin produced is depending on the source of isolation (CASMAN et al., 1967; OLSON et al., 1970; SIMKOVIKOVAet al., 1971; TERAYA MA et al., 1972 ; UNTERMANN, 1973 ; OLSVIK et al., 1981 ; REAU, 1982) .
Except for a few reports showing enterotoxin production by coagulasenegative staphylococci (OANIELSON et al., 1977; OLSVIK et al., 1982) , the production of the staphylococcal type of enterotoxin by other coccal strains than S. aureus is not yet established.
Biotyping of S. aureus has been used in an attempt to clarify the origin (human or animal) of this organism and the probable source of contamination of foods by S. aureus (HAJEK et al., 1971 ; OEVRIESE, 1984) .
The purpose of this investigation was to evaluate for the first time the TNase and enterotoxin production by S. aureus and by coagulase-negative staphylococci isolated from raw milk and dairy products produced in Morocco. The determination of the probable origin of the S. aureus isolates has also been attempted.
Material and methods

D. Biotyping of S. aureus strains
The biotype of the twenty four S. aureus strains was determined according to the procedure of DEVRIESE (1984) . This procedure is based on tests for 13-haemolysin, staphylokinase, coagulation of bovine plasma and the crystal-violet reaction.
A. Staphylococcal strains
Eighty four cultures of staphylococci obtained from cow's raw milk and from four traditionally made moroccan dairy products (buttermilk, butter, fresh cheese and yogurt) were used in this study. Among them, there were twenty four strains of S. aureus isolated from raw milk, buttermilk and butter.
The remaining sixt y cultures were coagulase-negative staphylococci obtained from ail the five products.
B. Thermonuclease production
Staphylococci cultures grown for 24 h on BHI broth were tested for TNase production.
The BHI cultures were heated at 100 "C for 15 min and allowed to cool. Few drops of these cultures were used to fill a 3-mm weil eut into a toluidine-blue DNA agar plate. The TB-DNA medium was prepared as described by CORDS et al. (1973) . After 4 h -incubation at 50 "C as recommended by IBRAHIM (1981) , the TB-DNA plates were observed for a pink halo around each weil which is measured. To determine the TNase concentration, a standard curve ( fig. 1 ) was prepared using purified micrococcal nuclease (Sigma Co. St. Louis, MO) dissolved in distilled water containing 0.1 % bovine serum albumin.
C. Enterotoxin production and detection
The staphylococci cultures used in this study were tested for their ability to produce detectable amounts of enterotoxins using the serni-soft agar medium of CASMAN et al. (1963) for staphylococcal growth and enterotoxin production.
The detection of enterotoxins was performed by using the microslide double diffusion method of CASMAN et al. (1969) . Reference enterotoxins (A, B, C, D, E) and their antisera were kindly offered by Dr. S.R. TATINI (Food Science and Nutrition Dept., University of Minnesota, U.S.A.).
Il. Results and discussion
Species-distribution of the staphylococcal cultures used in this study is given in table 1. S. aureus strains came from three products raw milk, buttermilk and butter. S. hyicus strains were isolated from raw milk only while TNase production of 19.4 and 25.5 u.g/ml for toxigenic and non-toxigenic strains respectively. The incidence of enterotoxigenic strains among coagulasepositive ranged from 25 percent for strains isolated from raw milk to 41.2 percent for those isolated from buttermilk.
For the overall dairy products tested, the incidence of enterotoxigenic strains of S. aureus was of 37.5 percent. This incidence of enterotoxigenicity observed is not unusual since the dairy products used in this study were not involved with any staphylococcal outbreaks.
SIMKOVIKOVA et al. (1971) Out of nine enterotoxigenic strains of S. aureus found in raw milk, buttermilk and butter, four strains (44.4 %) were producing enterotoxin C (SEC), three produced SEA (33.3 %) and one SED (11.1 %). One strain from butter (11.1 %) was found to produce both enterotoxins A and C. None of the strains were found to produce either SEB or SEE. ln raw milk, S. aureus were found to pro duce only SEC while in buttermilk, strains producing either SEA or SEC were present. It is known that strains from cows or dairy products are usuaIly producing staphylococcal enterotoxins of type C or D, while those from food poisoning outbreaks are usuaIly of type A (CASMANet al., 1967 ; OLSVIK et al., 1981; HILL, 1983) . The presence of S. aureus producing SEA in buttermilk and butter may be explained by their human origin as indicated by their biotype (table 4). These strains had probably contaminated these two dairy products during their traditional processing which involves several handling steps.
The examination of the sixtY strains of coagulase-negative staphylococci was negative except for the seven strains of S. hyicus which were positive for this test. The average amount of TNase produced by S. hyicus strains was 14.32 ug/rnl. The production of TNase by other coccal strains th an S. aureus or S. hyicus has been reported by few authors (LOTIERet al., 1977 ; GRAMOLI et al., 1978) , but it seems that the se strains are only variant or mutant of S.
aureus.
As already shown by other authors (LACHICAet al., 1969 ; BARRYet al., 1973 ; RAYMANet al., 1975 ; Sperber, 1976) , the data on TNase production presented in this paper showing the production of TNase by aIl S. aureus strains but not by coagulase-negative staphylococci except S. hyicus demonstrate the efficiency of using simultaneoulsy coagulase and TNase test for differentiating S. aureus from S. hyicus and from other coagulase-negative staphylococci.
On the other hand, aIl coagulase-negative staphylococci used in this study were unable to produce detectable amounts of the tested enterotoxins by the method used in this work. Although sorne authors (DANIELSONet al., 1977 , OLSVIKet al., 1982 have reported enterotoxigenicity among coagulase-negative staphylococci, it is not yet established that coagulase-negative staphylococci are capable of any enterotoxin production. The report of enterotoxigenicity among these organisms could be explained by the use in those studies of more sensitive tests (e.g. Elisa test) than the gel diffusion methods for enterotoxin detection. However, the se very sensitive tests have the inconvenient of aIlowing for more false positive reactions than the gel diffusion methods.
The biotype of S. aureus strains isolated from raw milk, buttermilk and butter are given in table 3. The four strains of S. aureus obtained from raw milk had aIl an animal origin (bovine biotype for three strains and ovine biotype for one strain). Strains of human biotype were found in buttermilk and butter and the y represented 47.1 and 66.6 % of the total strains isolated from these two products respectively. Three strains of S. aureus from buttermilk (17.6 %) had non-ho st specifie biotype while six strains had bovine type (35.3 %). As it has been already mentioned, the presence of S. aureus of human biotype in buttermilk and butter is probably due to the hum an handling of these two products during their manufacture. The contamination of dairy products by human strains of S. aureus should be prevented since sorne of these strains are enterotoxigenic as shown in table 4. About 42.85 percent of the enterotoxigenic strains from buttermilk were of human biotype. Therefore, products in which human contamination allows for S. aureus entry are likely to be a public health hazard from staphylococcal enterotoxins. This study emphasizes the need for further investigation into the incidence of enterotoxigenic strains of S. aureus in other tradition al moroccan dairy products (salt y butter, aged butter and different varieties of fermented dairy products) as weil as the determination of their source of contamination by S. aureus using both the biotyping and phage typing systems. 
